Inositol trisphosphate, inositol phospholipid metabolism, and germinal vesicle breakdown in surf clam oocytes.
Others have reported that microinjection of inositol 1,4,5-trisphosphate (InsP3) releases stored intracellular Ca2+ and causes fertilization envelope elevation, part of the activation process normally initiated by fertilization in deuterostome eggs. In the protostome, Spisula solidissima, germinal vesicle breakdown (GVBD) is the first visible response of the egg to fertilization. To test the effects of InsP3 on egg activation in this organism, we microinjected the compound into oocytes. Microinjection of 0.4-7.0 x 10(-21) moles of InsP3 (equivalent to 5-80 pM if distributed throughout the cell) elicited GVBD in a dose-dependent manner, demonstrating that increased oocyte InsP3 can mimic part of the activation process in this protostome. Synthesis of InsP3 occurs in vivo when phosphatidylinositol 4,5-bisphosphate (PtdInsP2) is hydrolyzed by phospholipase C. To determine whether stimulus-induced synthesis of InsP3 occurs after fertilization of Spisula oocytes, we labeled oocyte lipids with [32P]orthophosphate and measured the radioactivity in phospholipids after insemination. Fertilization resulted in a rapid, transient loss of radioactivity from PtdInsP2. Because the radioactivity in phosphatidylinositol 4-phosphate and other phospholipids did not change, the loss of radioactivity from PtdInsP2 is most likely due to its hydrolysis, yielding InsP3 and diacylglycerol. The latter compound activates protein kinase C which has also been shown to be involved in regulating Spisula oocyte GVBD. Since both of these compounds appear to be early products of fertilization, they could coordinately activate Ca2+- and protein kinase C-dependent processes involved in Spisula oocyte GVBD. These data indicate that egg activation in this protostome includes pathways similar to those found in deuterostome eggs and in other eukaryotic cells.